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Dilution Factor 11 Figure 1 . Study-wide distributions, quantiles, and summary statistics for OC-EC concentrations in the PHBB emissions. In the outlier box plot, the confidence diamond contains the mean and the 95% confidence interval about the mean. The red bracket outside the box is referred to as the 'shortest half' or the densest 50% of the observations. Mean Conc (µg/g OC) 
Emission factor calculations
For each test run, emission factors for the target pollutants were calculated in terms of mass of fuel burned. The mass emission (Mx) for a set burn time t for each target compound is calculated in the dilution tunnel as follows:
Where: Cx,t = the concentration (mass/volume) of the target compound x in the dilution duct, Cx,a = the ambient concentration (mass/volume) of the target compound x, and V = the volumetric flow rate (volume/time) in the dilution tunnel at time t. Most concentrations were determined on a test average basis. The ambient concentration for total PM utilized an ambient air sample extracted beside the boiler during 100% load operation firing switchgrass pellets. Remaining concentrations were corrected with concentrations determined from dilution duct sampling with no firing (i.e. cold) of the boiler.
Volumetric flow rate was determined by multiplying the average of the dilution duct velocity measured before and after each test by the cross-sectional area of the dilution duct at the point measured. The 10-inch duct had a cross-sectional area of 0.0506 m 2 (0.545 ft 2 ).
Emission factors were calculated and reported per mass of fuel burned. The emission factor per mass of fuel burned (EFm,x) is calculated as:
,
Dilution Factor
Measurements made at the stack or after secondary dilution were corrected to dilution duct concentrations using a dilution factor. Due to failure in the CEM measurements, estimates were made for CO2 concentrations in the dilution duct for use in dilution factor calculations. The average CO2 in the dilution duct was estimated based on the mass of fuel burned in each test (Mf), the carbon concentration in the fuel from the ultimate analysis, and the volumetric flow rate determined for the test. The calculation estimates the volume of CO2 emitted divided by the volume of flow in the dilution duct corrected for ambient CO2 concentration:
Where: CCO2,t = the CO2 concentration in the duct, CCO2,a = the ambient concentration of CO2, %C = the carbon concentration in the fuel (weight percent), MWCarbon = the molecular weight of carbon, and SV = the specific volume of an ideal gas at 20 °C and 1 atmosphere. Concentrations measured at the stack or on secondary dilution were corrected to dilution duct concentrations for emission calculations.
The dilution factor at the stack were based on the estimated dilution duct CO2 concentration and the average stack CO2 concentration: = , − , 2 (4) The dilution used for secondary dilution was performed with nitrogen containing minimal CO2:
Where: SDCO2,t = Secondary dilution CO2 concentration during sample interval Because the nature of operations and the short-term nature of the measurements taken on secondary dilution, each measurement was corrected using time specific dilution factors. Due to the quality of duct CO2 measurement, time specific dilution duct CO2 concentrations were estimated using the average dilution duct CO2 measurements for the specific sampling time, average dilution duct CO2 concentrations for total test, and the average fuel based estimate of dilution duct CO2 concentrations calculated as above: , = 2 2 • 2 (6) 
